The attenuation behaviour of two different types of skin-like phantoms representing the range of Skin Types I to VI were investigated and compared to real human skin. Intralipid and Pheroid TM artificial lipid membrane vesicles respectively were added to synthetic eumelanin concentrations ranging from 0.0044 to 0.13 mg/mL to produce skin-like phantoms.
INTRODUCTION
Minimalistic or non-invasive diagnosis and treatment of skin disorders with light requires accurate information regarding the optical properties of skin (1) , as well as knowledge of the propagation of light from an incident light source in biological tissue (2) (3) (4) (5) . The range of photon events characterising light-biomatter interaction includes absorption, transmission, auto-fluorescence, scattering and Raman scattering. Spectrophotometric (SP) and Integrating Sphere (IS) methods are commonly used to extract information regarding absorption and scattering properties of samples, although in the field of skin optics the latter method is used more widely (see 1, 6) . However, since the scattering components are the tissue microstructures of in vivo skin tissue, reliable results of in vitro IS measurements are difficult to obtain (5) . Wavelength dependent absorption and scattering of various tissues, including bulk skin tissue and selected skin cell tissue components, have been measured in vitro (5, (7) (8) (9) (10) (11) and in vivo (12) (13) (14) (15) using various measuring methods.
Computational light propagation models aid in enhancing the understanding of lightbiomatter interactions. It affords the opportunity to investigate the underlying principles governing light-biomatter interactions though the control and variation of specific parameter values ( Fig. 1(b) ). This is not always possible, feasible or possibly too time consuming with in vitro and in vivo experiments. Human skin tissue is too complex and dynamic to be adequately simulated with the currently available computational light propagation models, especially since these models only take the macroscopic structure of skin tissue in account (see 2, 5, 16) . Healthy human skin tissue consists of different layers having different cell types, such as keratinocytes, fibroblasts and melanocytes and other components like keratin, elastin, collagen fibres, arteries, sweat glands, etc ( and Fig. 1(a) )17). Ultimately the accuracy of a light propagation models depends on a thorough knowledge of the optical properties of the cell tissue microstructure (7, 18) , for example the effect that skin pigments have on absorption and scattering of incident light. 
<Figure 1>
Skin pigments include melanin, haemoglobin, bilirubin and carotene, with melanin and haemoglobin (oxy-haemoglobin and deoxy-haemoglobin) the main contributors to skin tone (phototype). The melanin responsible for the different skin phototypes is located in the thin epidermal layer of the skin, while haemoglobin dominates the absorption properties of the dermis (9, 19) . Knowledge of the absorption of light in the epidermal layer is for example crucial in the planning of the therapeutic treatment parameters (laser power and treatment time) of skin tumours situated in the dermis (20, 21) . Darker skin phototypes contains up to twice the melanin content of paler skin phototypes and may be less susceptible to the effects of skin cancer development due to the presence of more darker photoprotective melanin (22) .
Most of the studies conducted to date however have focussed on Skin Types I and II (light skin phototypes), with only a few studies recorded for Skin Types III to VI (darker skin phototypes) (see 23, 24 Alternatively, since the relation between absorbance and transmittance is given by log AT , the attenuation coefficients could be calculated from a modified version
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where A(λ) is the wavelength dependent absorbance of the sample and L the pathlength (cm).
RESULTS AND DISCUSSION
Absorbance spectra of melanin only samples
Attenuation coefficients ( t ) for the melanin only samples at pH ~ 7.01 were calculated from the absorbance spectra. The spectrophotometer used cannot measure reflectance spectra for liquid samples, and hence we were unable to resolve the total attenuation coefficient into its absorption and scattering components. Even though the attenuation coefficient results mainly displayed absorption coefficient trends as observed by other research groups and we therefore could have made the assumption that our melanin only samples had very little scattering, we will refrain from making such an assumption and only report our results as attenuation behaviour.
Fig. 2: Attenuation coefficient as a function of (a) wavelength and (b) melanin
concentration for synthetic eumelanin samples at pH ~7.01.
<Figure 2>
Resultant spectra displayed broadband attenuation without any chromophoric peaks ( Fig. 2(a) ), increasing monotonically towards shorter wavelengths for all measured concentrations. Spectra for samples at pH ~ 11.00 (not shown) were similar to the spectra of the pH ~ 7.01 samples. The monotonic increase with decreasing wavelength is similar to previously observed results for synthetic melanin (see for example 29, and 32).
Figure 2(b) shows attenuation coefficients as a function of melanin concentration at different wavelengths. Spectra followed the Beer-Lambert law's linearity ( Fig. 2(b) ), indication that the monotonic behaviour can be described by exponential decay curves.
Absorbance spectra of skin-like phantoms
In an article on human skin chromophores, Young (19) referred to the use of diffuse in vivo reflectance spectroscopy to determine the contribution of epidermal melanin to the apparent absorbance spectra of skin as employed by Kollias 
Pheroid TM versus Intralipid
At a first glance, it seems that there is not much difference in attenuation behaviour of skinlike phantoms prepared from Pheroid TM and Intralipid respectively. However, the Pheroid TM are spherically shaped bilipid membrane nano-structured artificial vesicles of 500 -1000 nm in diameter, while Intralipid consists of an emulsion of bilipid membrane fragments of various sizes, suspended in water. Intralipid is commonly used to mimic the scattering properties of human skin, while this study is the first to use Pheriod TM as a possible skin tissue simulating phantom.
Fig. 4. Comparison attenuation spectra for increasing concentrations of Pheroid TM (grey lines) and Intralipid (black lines)
. 
Melanin interaction with Pheroid TM and Intralipid
We investigated the possibility of a difference in interaction between the melanin molecular complex and the lipid membrane structures of the Pheroid TM and Intralipid. We hypothesised that the non-monotonic behaviour observed in the higher melanin concentration samples (> 0.044 ml/mL melanin as seen in Fig. 3 ) could be attributed to such interaction differences.
If the melanin and the lipid membrane structures did not interact and the melanin only samples were used as references/blanks, the resultant attenuation spectra would be the same as the Pheroid TM or Intralipid only spectra (from Fig. 4 ). If interactions occur however, the resultant attenuation spectra would reflect this.
The same skin-like phantom samples as previously (see Fig. 3 ) were used. However, previously either the Pheroid TM or Intralipid only phantoms were used as references/blanks, but for this experiment the corresponding melanin only samples (from Fig. 2 ) were used as references/blanks. For example, if an 0.04 mg/mL melanin with added Pheroid TM sample were used, an 0.04 mg/mL melanin only sample were used as reference/blank, and so forth. 
<Figure 6>
Attenuation spectra not displaying non-monotonic behaviour was averaged together and their standard deviations calculated (Fig. 6 ). These average spectra were then compared against the Pheroid TM or Intralipid only spectra from Fig. 4 . Fig. 6(a) Melanin is a family of polymorphous multifunctional biopolymers and its protective role lays in the fact that it binds to cations, anions, drugs and chemicals. (40) . The Intralipid lipid membrane fragments are smaller than the Pheroid TM vesicles; thus making it probably easier for the melanin to bind to the former than to the latter. The melanin sub-complexes also tend to aggregate into increasingly larger particles as the concentration is increased. It is therefore a possibility that such larger aggregates bind to lipid structures more readily than the smaller melanin particles associated with lower melanin concentrations. Our results may therefore predict that photoprotection in darker skin phototypes may not be only a function of epidermal melanin concentration, but that the interaction between the melanin complex and the lipid membranes found in the skin cells may play an equally important role.
We also tried to establish a more physiological standard against which to compare the optical properties of melanosomes and keratinocytes with the use of the Pheroid TM . This required incorporation of the melanin into the Pheroid TM , since the latter can be used to represent skin cells devoid of all internal structure. The results presented are inconclusive as to whether the melanin did indeed incorporate or not. One possible way to establish this is by comparing the melanin-Pheroid TM phantoms to melanosomes from different skin phototypes.
We did not have access to human skin melanosomes and thus such a comparison could not be made. To verify the true amount to which these phantoms represent real skin, such a comparison is required.
CONCLUSIONS
The attenuation behaviour of two different types of skin-like phantoms representing the range of Skin Types I to VI were investigated. Results indicated that the phantoms may predict some of the non-monotonic optical characteristics of real human skin and hence suggest the possibility that synthetic eumelanin may be more similar to epidermal eumelanin than previously thought. A comparative study of the Pheroid TM and Intralipid skin-like phantoms however, revealed an underlying difference in interaction between the melanin and the different phantoms, as well as a difference in the interaction between low and high concentration melanin samples with the constituting lipid particles.
Meinhardt et al. (13) suggested that the non-monotonic absorbance UV behaviour are due to the keratin present in the upper skin layers. Our current skin-like phantoms do not contain keratin. More realistic phantoms can hence be created by addition of keratin. Also, a comparison between the Pheroid TM phantoms and melanosomes from different skin phototypes could not be made. This will be addressed in the next phase of the study. Corresponding melanin only concentrations were used as references / blanks. Error bars represent the standard deviation to the average.
